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Nowadays the number of patients diagnosed with helminthiases shows tendency for ste¬ 
ady growth around the world. During last few years, researches in the field of immunology 
have again turned their attention towards the question of parasitological immunity and tis¬ 
sue response. Helminthiases and other parasitic diseases in some instances can induce cent¬ 
ral nervous system disorders and violate human behavioral reactions. Studies have sugges¬ 
ted an association between epilepsy and helminth infection, but a causal relationship is not 
established in many helminths, except perhaps with neurocysticercosis. The aim of this re¬ 
view is to reveal details of specific mechanisms of the general helminths’ impact on the 
nervous system and the endocrine control level of physiological functions of the host orga¬ 
nism. Finally, we discuss the current gaps in knowledge about the interaction between hel¬ 
minths, immunity, and human endocrine system. 
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CornacHO /jaHHMM JiHTeparypBi, KOJiunecTBO nauneHTOB c /piarH030M «renBMHHT03» 
AeMOHCTpnpyeT TeH^eHqnio k HeyKJioHHOMy pocTy bo BceM MHpe. B jjaHHOM o630pe yj\t- 
ueHO BHHMaHHe pe3yjiBTaraM OKcnepHMeHTajitHBix Hccjie/joBaHHH, yKaatiBaiomHX Ha to 
hto Heilpo-ncHXHHecKHe HapymeHHJi y uenoBeKa b ycnoBHMX xpoHHuecKoro TeueHHa na- 
pa3HTapHBIX 3a6oJieBaHHH, BKJHOHa.S TeJIBMHHT03BI, MOryT 6 bITB BbI3BaHBI He tojibko npfl- 
MBIMH HenpOTponHBIMH 3(|)(j)eKTaMH napa3HTa, HO H B03HHKaiOT BTOpHHHO B pe3yJIBTaTe 
noBpe^K^emw ^pyrax opraHOB. JIoKajnmitmi renLMHHTa b qeHTpajitHOH HepBHOH cucTe- 
Me uenoBeKa oueHB uacTO Mo^ceT npHBO/uiTt k ncHXHuecKHM 3a6ojieBaHH«M, TeM He MeHee 
oSocHOBaHHOCTt B3aHMOCB;i3H HeiipouHCTHuepK03a h 3nHJiencHH y uejioBeica coxpaH^eT 
CTaTyC AHCKyCCHOHHOTO Bonpoca. B CBJI3H C 3THM p^A aBTOpOB BBICKa3BIBaiOT MBICJIb o 
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tom, hto o6cy)KflaeMtie abjichha Heo6xoanMO paccMaTpuBaTt b KOMnjieKce B3anMoaeflcT- 
BH3 HepBHOH, 3HflOKpHHHOH H HMMyHHOH CHCTeM. 

Ucjib aaHHofi pa6oTBi — bbmbhtb cblmchiih o cncuii(|niMecKTix \texainmtax bjihahm 
reJIbMHHTOB Ha .TeflTCJIBHOCTB HepBHOH CHCTeMBI H COCTOflHHe BinOKpiimiOrO 3BeHa KOHT- 
pojlfl <j)H3HOJIOrHHeCKHX 4>yHKHHH OpraHH3Ma X03flHHa. IIpOBefleHHBIH o630p JIHTepaTyptl 
nOKa3BIBaeT aKTyaJIBHOCTB pa3H006pa3HBIX HeHpO-3H,ZlOKpHHHbIX 3C|)c|)eKTOB rejn>MHHT030B 
jxjih coBpeMeHHOH MeflHHHHti, xoTfl 3Ta TeMa ocTaeTca Majio H3yneHHOH. 

Kmoueewe cnoea : rejitMHHTti, HepBHaa cncTeMa, HMMyHHTeT, ropMOHti, hhtokhhbi. 

According to literary data, the number of patients diagnosed with helminthi¬ 
ases shows a tendency for steady growth in the modem world (Garcia et al., 
2014; Berkowitz et al., 2015; Morys et al., 2015). The distribution of helminth 
infections is heterogeneous and estimates show that developing regions of the 
world have the highest prevalence of helminthiases. It is suggested that 2.2 billi¬ 
on people are infected with helminths, with the poorest bearing the brunt of the 
burden, particularly, for undetermined reasons, school-aged children. Numerous 
investigators have taken up this question from various points of view, using va¬ 
rious hosts and parasites with the result that there has been amassed a large 
amount of suggestive data but little conclusive evidence either for or against the 
development of immunity to helminths. Moreover, the authors of the cited pub¬ 
lications underline that the localization of helminths in the human central nervo¬ 
us system can very often lead to serious mental illness (Carpio, Romo, 2014; 
Othman et al., 2014). Epilepsy associated with helminths occurs throughout the 
world, with the prevalence higher in poor countries, particularly those in t opi¬ 
cal regions. However, in our view, we should pay attention to several important 
points. Firstly, helminthiasis neurological effects may be recorded even in cases 
where mechanical damage to the nervous tissue by body covers of the helminth 
does not occur. Secondly, information about the neurotropic effects of hel¬ 
minths can be provoked by representatives found in all the maljor classes of hel¬ 
minths such as Trematoda , Cestoda, and Nematoda. Thirdly, the indirect impact 
of helminths is manifested not only in changes in the functional state of the ner¬ 
vous system but also at the level of endocrine regulation of the body’s homeos¬ 
tatic parameters adjustment. Consequently, we are not talking about the speci¬ 
fics of the pathogenic properties of certain types of parasitic worms. Most like¬ 
ly, it is logical to consider the available data in this area of literature from the 
standpoint of one side of interaction aspects between parasite and host organisms 
(Escobedo et al., 2005; Bottasso, Morales-Montor, 2009; Escobedo et al., 2009). 

Therefore, the aim of this review is to reveal details about the specific mec¬ 
hanisms of the helminths’ impact on the nervous system and the endocrine cont¬ 
rol level of physiological functions in the host organism. 


NEUROLOGICAL EFFECTS OF HELMINTH INFECTIONS 

In our review we found it necessary to pay attention to the results of the re¬ 
cent experimental studies. Since, according to some authors neuro-psychiatric 
disorders in humans in a chronic course of parasitic diseases, including helminth 
infections can be caused not only by direct neurotrophic effects of the parasite, 
but there again, resulting in damage to other organ systems: kidneys, liver, cir¬ 
culatory system, lungs, etc. (Morys et al., 2015). It should be noted that the 
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comparison of clinical and experimental data led to some success in deciphering 
the pathogenic mechanisms of hippocampal sclerosis during neurocysticercosis 
that could lead to the development of epilepsy (Del Brutto et ah, 2016). Howe¬ 
ver, the validity of the relationship between neurocysticercosis and epilepsy in 
humans still maintains the status of the issue discussion (Carpio, Romo, 2014). 

Therefore, on the one hand, these experimental observations allow us to jud¬ 
ge the nature of helminth violations including the early stages of infestation 
more reliably. On the other hand, in these circumstances there is a question rela¬ 
ted to the extrapolation of experimental results on the person, which involves 
the development of specific methods of correction of violations in addition to 
helminth removal strategies (Escobedo et al., 2005; Dkhil et ah, 2015). Finally, 
a number of authors have suggested that the phenomenon under discussion must 
be seen in the complex interaction between the nervous, endocrine and immune 
systems (Escobedo et ah, 2009). The literature provides experimental evidence 
that in mice infected with Schistosoma mansoni there is a number of changes in 
the parameters of the cerebral functions: a violation of neurotransmitters pro¬ 
duction (norepinephrine and dopamine), specific changes in protein cells in the 
brain biosynthesis, synthesis decrease in glutathione, and increased production 
of a molecule of nitric oxide (Dkhil et ah, 2015). It was found that migratory lar¬ 
vae of the nematode genus Toxocara are capable of causing crude lipid and pro¬ 
tein metabolism violations in the mouse brain (Janecek et ah, 2015). 

According to the opinion of some researchers, the character of changes of 
protein biosynthesis processes in nerve cells may indicate selective inhibition of 
sensory systems and protective functions of the body. We argue that the totality 
of the effects observed may lead finally to neurodegenerative changes. The the¬ 
sis that the functional changes in the nervous tissue as the result of current hel¬ 
minth infections can develop into gross structural abnormalities of the nervous 
tissue is expressed by other authors (Dkhil et ah, 2015). Helminth-induced mo¬ 
dulation of immune reactions in the nervous tissue, which is manifested in the 
early stages of the disease in changing of proinflammatory cytokines and inter¬ 
leukins production in the central nervous system is considered by some researc¬ 
hers as one of the pathogenetic mechanisms underlying this type of pathologies 
(Lopez-Griego et ah, 2015). The authors emphasize close relationship intensity 
of cytokine production and the state of intemeuron transmission, emphasizing 
the presence of distinct gender-specific sensitivity of investigated indices in ani¬ 
mals. Thus, it should be noted that the efficacy of anti-inflammatory therapy has 
been demonstrated indeed in the treatment of such dangerous helminthiasis as 
some severe neurocysticercosis (Zhao et ah, 2016). 

Another important aspect of the relations between host and parasite orga¬ 
nisms is a problem of the parasite escape from the immune defense of the host 
organism. The literature suggests that helminths can escape from the immune 
defenses of the host, in particular, allowing neurocysticercosis to remain asymp¬ 
tomatic for a long time, and that get-away mechanism does not depend directly 
on the immunosuppressive cytokines (Chauhan et ah, 2014; Sun et ah, 2014). 
The cited publications contain information about endocrine factors of helminths 
that can directly induce the independent on cytokines immunity control escape 
implemented through selective inhibition of calcium channels of immune cells 
in the brain. In addition to the effectiveness of calcium channel blockers, we 
consider another escape mechanism that is not directly associated with the pro- 
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duction of cytokines and indicates a possible sensitivity to helminths nitric oxi¬ 
de molecule production in experiment (Alonso-Trujillo et al., 2007). At the 
same time, in the early course of helminthiasis there is a noticeable increase in 
the synthesis of nitric oxide in the brain tissues of animals (Dkhil et ah, 2015). 
Perhaps modulation of nitric oxide patterns by inducible NO-synthase is possib¬ 
le to consider another pathogenetic mechanism of structural damage to nervous 
tissue such as activation of NO-synthase activity which may be accompanied by 
increased production of reactive oxygen and nitrogen, as well as the activation 
of peptides and aromatic amino acids nitrosylation processes forming, in its 
turn, products with the potent cytotoxic effect (Dolomatov, Sataieva, 2015). The 
listed above cascade reactions hypothesis indirectly confirms the result of the 
peroxidation products accumulation in the brain tissues during experimental 
helminthiases (Dkhil et ah, 2015). 

Thus, the thesis of the specificity of tropic effects of helminth infections re¬ 
lated to the central mechanisms of regulation of physiological functions of the 
host organism (Escobedo et ah, 2005), in our opinion, has a powerful potential. 
We add that there is even more clearly apparent role of the integration of the 
nervous, endocrine and immune systems of the host in protection mechanisms, 
opposing nematode parasites in the wall of the small intestine (Hemandez-Cer- 
vantes et ah, 2013). 

In literature, however, we find a few unexpected details that helminth infec¬ 
tions can have a beneficial effect on the human body, for example, on a patient 
with multiple sclerosis. In particular, the systemic effects of immune suppres¬ 
sion, typical of many helminths, may soften multiple sclerosis intercourse 
which has an autoimmune nature. According to researchers, this phenomenon 
may occur due to the helminth-dependent stimulation of IL-10 and cytokine 
pleiotropic action TGF-P, depressing cell-mediated immunity (Correale et ah, 
2008, 2012, 2014). 

Understanding the mechanisms of helminth-induced immunosuppression, 
implemented by cytokines through the modulation of the B-lymphocytes activi¬ 
ty may have clinical application in the treatment prospects of autoimmune dise¬ 
ases (Hussaarts et ah, 2011). 

Another important practical aspect of this topic, a problem of early diagnosis 
of helminth infections, should be briefly mentioned. The relevance of this issue 
in connection with the extreme danger of diseases and their asymptomatic cour¬ 
se in the early stages is an independent subject of research (Garcia et ah, 2014). 


INFLUENCE OF HELMINTH INFECTIONS ON THE ENDOCRINE SYSTEM 

Even the earliest publications regarding this aspect contain information that 
hormone production in the host organism is a very important factor for the life 
cycle of the parasite (Escobedo et ah, 2005). Indeed, a little later, it was found 
that worms have the ability for the specific adaptations of their physiological 
needs towards tissue metabolism of host sex hormones (Morales-Montor et ah, 
2008), and have a significant impact on the secretion of sexual hormones and re¬ 
productive system in the host organism (Rodriguez-Dorantes et ah, 2010). At 
the same time, the idea is expressed that the restructuring of sex steroid metabo¬ 
lism allows the parasite not only obtaining its own physiologically active subs- 


100 


tances, but also have an impact on behavioral responses of the host (Mora- 
les-Montor et al., 2008) along with modulating the activity of immune defense 
(Escobedo et ah, 2009) via peptide hormones of the hypothalamic-pituitary axis 
(Kelley et ah, 2007). Indeed, experimental studies confirm the important role of 
human hormones to run helminth development (Castellanos-Sanchez et ah, 
2009). Thus, on the one hand, it highlights the potential species-specific nature 
of the susceptibility of closely related species of worms in the host organism 
hormones (Escobedo et ah, 2009). On the other hand, we accumulated argu¬ 
ments in favor of the literature opinion that human hormones can fulfill a very 
important role in the regulation of helminth life processes (Narbonne et ah, 
2015). Research in this area expands and acquires the fundamental character 
(Mayer et ah, 2015). Deeper understanding of the role of endocrine regulation 
mechanisms in helminth life cycle, according to some authors, can create pro¬ 
spects for parasite control (Dissous, 2015). Indeed, the results of experimental 
studies have shown that androgens may have a damaging effect on certain types 
of tapeworms (Ambrosio et ah, 2015). Also, promising results were obtained by 
the experimental inhibition of intracellular insulin signal molecules in some tre- 
matodes (You et ah, 2015). 

Returning to integrating the functions of the central nervous system, it is ne¬ 
cessary to note the role of the direct influence of the hypothalamic-pituitary axis 
in the regulation of defense reactions of the body aimed at resistance controlling 
towards helminths (Hemandez-Cervantes et ah, 2013). We have found the ef¬ 
fect on nematodes. However, hereinafter, this phenomenon has been confirmed 
regarding cestode parasites also inhabiting intestine (Quintanar-Stephano et ah, 
2015). In addition, tissue hormones role in the host response to the presence of 
helminths should be noted (Buckinx et ah, 2015). 

It is also pertinent to note that hormone therapy is increasingly used in the 
treatment of helminth infections. So, along with the well-known anti-inflamma¬ 
tory hormones used in the treatment of some of the most dangerous helminth in¬ 
fections (Tsai et ah, 2015; Zhao et ah, 2016), we have found information about 
the use of melatonin as a supplement debilitating systemic toxicity of anthel¬ 
mintic drugs (Charao et ah, 2015). 


CONCLUSIONS 

This literature review shows the relevance of various neuro-endocrine ef¬ 
fects study of helminth infections for the modem medicine, although this sub¬ 
ject still remains fully unexplored. The analysis of the published data demonst¬ 
rates the following. 

1. Central nervous system is a material substrate of integration regulatory 
systems (nervous, endocrine and immune) and may be affected due to specific 
impacts of helminths even if the parasites are localized outside the central ner¬ 
vous system. 

2. Direct neurological effects of helminth infections are often realized thro¬ 
ugh the modulation of the immune defense mechanisms present in the nervous 
tissue, leading to restructuring and violation of protein biosynthesis process and 
lipid metabolism, and disturbances of intemeuron signal transduction mecha¬ 
nisms. 
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3. Endocrine system also possesses target-specific effects on helminths. Hor¬ 
mones of the host organism can be used by helminths in regulation of their own 
life cycle and neuroendocrine link can be subject of parasitic attacks due to its 
involvement in the system control of the body’s reactions. 
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